The VC sector is interesting both in its own right and as a proxy for entrepreneurial finance more broadly. We highlight the tax treatment of stock options as an important factor for variations in the size of the VC sector. VC often relies on option-based contracts to mitigate incentive problems. Granting stock options to founders and key employees also allows credit-constrained start-ups to attract and retain top talent. Such compensation cannot be unambiguously classified as either capital or labor income. Some tax systems treat stock options in VC-funded firms as highly taxed employee compensation, whereas others treat them as capital gains with low flat tax rates. The effective rate depends on tax practices and is not readily indicated by statutory taxes. The tax consultancy firm PwC calculated the effective tax rate for a standardized entrepreneurial case in 22 countries, which is supplemented with our own calculations for 16 additional countries. For this sample, we find a negative crosscountry relationship between the effective tax rate on employee stock options and the extent of VC activity. The negative effect is stronger for countries with high R&D investments and weaker in countries with low R&D spending.
Introduction
The first independent venture capital (VC) firms were born in the United States in 1946 to finance emerging technology firms (Gompers and Lerner 2001; Hsu and Kenney 2005) . The concept was copied and further developed by other firms so that by the 1970s, VC constituted an entire industry in the United States. This financial innovation has since grown rapidly in scale and spread across the globe, effectively transforming the realm of entrepreneurship. Currently, there is VC activity in all industrialized and most developing countries; however, substantial cross-country differences in its magnitude continue to exist. VC is contractually complex, and an influential area of research has shown how it can be explained by economic theory. The growth of VC, in part, represents the development of contractual mechanisms to mitigate transaction costs in an environment with many incentive problems and information asymmetries pertaining to transactions with multiple agents.
A large body of literature has investigated the various causes of these cross-country variations (e.g., Gompers and Lerner 1998; Leleux and Surlemont 2003; Cumming, Schmidt, and Walz 2010; Cherif and Gazdar 2011; Li and Zahra 2012; Félix, Pires, and Gulamhussen 2013; Nahata, Hazarika, and Tandon 2014) . VC is a sophisticated activity that tends to flourish only under certain economic conditions and requires well-functioning financial development, investor protection, and contract enforcement.
Like virtually all economic activities, the extent of VC investment is affected by taxes. Several papers have shown that broad tax rates influence VC investments, both over time and across countries (e.g., Poterba 1989; Jeng and Wells 2000; Da Rin, Nicodano, and Sembenelli 2006; Groh and Wallmeroth 2016) . This paper discusses a more specific effect of taxes and its interaction with VC contracting, namely, the de facto tax treatment of stock options. The tax rate that effectively determines the relative return on VC activity is rarely the formal statutory capital tax rate -a noisy measure that tends to be far different from the one actually paid by entrepreneurs and investors. VC involves both financial capital in the form of funds and human capital in the form of founders and skilled personnel. This activity does not fit the stylized separation between capital and labor -it involves both in an inseparable bundle.
The tax rates and practices play a significant role vis-à-vis the return on investment. In many countries, there are considerable differences in how different types of income are taxed. In addition to large differences in tax rates across countries, there is also an often-neglected difference regarding how different types of income are taxed. Moreover, to be accurate, an evaluation of the tax treatment and its effects requires the simultaneous consideration of both personal and corporate taxes.
One form of compensation that is often used in VC deals is employee stock options. In this paper, "employee" refers both to founders and key personnel, disregarding the semantic question regarding whether founders may be referred to as employees. An employee stock option grants the right to buy stock at a set price in the future, often subject to conditions such as continued employment and performance milestones. For incentive reasons, this form of compensation is believed to be particularly suited for VC deals. 1 However, it is not conceptually obvious how options-based compensation should be taxed and whether the returns on stock options should be viewed as returns on either capital or labor. Unsurprisingly, there are therefore large cross-country differences in the tax treatment of stock optionsboth because tax rates differ and because tax authorities treat this form of compensation differently. Some tax systems allow firms to treat stock options granted to employees as a tax-deductible business cost, some tax employee stock options when they are granted, whereas others defer taxation until the time when the option is exercised or when the underlying stock is eventually sold for a profit.
Differences in tax rates and tax practices are sufficiently large to potentially account for cross-country variations in VC activity. This paper analyzes the relationship between VC investments, as a share of GDP, and option taxes. This outcome variable is interesting for two reasons: First, VC activity is an important sector that public policy tries to stimulate, and it is believed to be an important driver of entrepreneurial activity. 2 Second, VC activity has the advantage of being readily standardized across countries and over time. Employee stock options not only affect VC-financed firms but also are likely to affect other start-ups that use Downloaded by [Institutet For Naringlsivs] at 02:47 28 December 2017 state-contingent contracts. To a lesser extent, tax-favored employee stock options stimulate returns on all types of start-up activity for which it is important to attract talent in the form of founders and key personnel. If option tax rates can be convincingly shown to correlate with VC, the argument can be plausibly made that such a relation is also applicable to other similar forms of finance. The argument about favorable tax treatment is not limited to stock options but applies to a broader range of state-contingent contracts. Therefore, we use VC both as an outcome variable, which is interesting in itself, and as a proxy for entrepreneurial finance in a broader sense. This paper focuses on stock options and VC activity, neither because stock options are the only form of contingency-based compensation, nor that VC is the only form of entrepreneurial finance where taxes are likely to matter, but because they can be defined and measured in a reasonably systematic manner across countries.
We study the relationship between taxes on employee stock options and VC activity in 38 countries. Since the effective tax rate of stock option contracts is a matter of tax practice, the tax burden is not immediately apparent through comparisons of statutory tax rates. Furthermore, when there is flexibility in designing compensation contracts, entrepreneurs and investors are likely to optimize and choose the structure with the lowest tax rate in each country. We therefore estimate the effective tax rate based on a standardized case of a successful entrepreneurial start-up using stock option contracts. The results from using these tax rates are compared to results based on tax rates customarily used in the literature, namely, the integrated statutory capital income tax rate, which is defined as a combination of the corporate capital income tax rate and the capital gains tax rate. Our study covers 38 developed countries and finds a negative cross-country correlation between the effective tax rate on employee stock options and the rate of VC activity. No such effect is found for the integrated statutory capital income tax rate.
The remainder of this paper is structured as follows. Section 2 discusses innovative entrepreneurship, its need for external equity financing, and the incentive problems and information asymmetries arising in a context of transactions with multiple agents financing high-growth, high-risk firms. Section 3 briefly outlines the evolution of the use of stock options. Section 4 explains why and how the efficiency of stock options is greatly affected by how they are taxed. Section 5 presents the effective tax rate of 38 countries for a stylized VC-funded entrepreneurial firm that uses employee stock options to compensate founders, hired CEOs, and other key personnel. Section 6 presents the regression results. Finally, Section 7 summarizes and concludes.
Innovative entrepreneurship, external equity financing, and compensation contracts
Achieving success in innovative entrepreneurship is lucrative but also difficult and rare. 3 Contrary to the perception of solitary actors starting firms on their own, successful entrepreneurial firms tend to be collaborative efforts with other key actors, notably, active venture capitalists (business angels and/or VC firms), investors, key employees and customers. Innovative firms must overcome technological complexities, uncertainty, high initial investment costs and fierce competition from incumbent firms. Therefore, entrepreneurial firms tend to require resources from a support structure of financial and human capital, which can be seen as a contractual nexus (Coase 1937; Jensen and Meckling 1976) . Downloaded by [Institutet For Naringlsivs] at 02:47 28 December 2017 Figure 1 illustrates the complexity of the many relations of the agents in this support structure and their respective resource contributions to transform an innovation or a new venture idea into a growing and eventually large firm, while Figure 2 more concretely describes the phases in the evolution of an entrepreneurial start-up (see, e.g., Fenn, Liang, and Prowse 1995; Gompers and Lerner 2001) .
Venture capitalists offer funds but also contribute key competencies such as business networks, management expertise, and market knowledge. Capital holders (private individuals and/or portfolio managers) provide the funds managed by venture capitalists as well as larger injections for later stage expansion and IPOs for firms that achieve substantial growth. Start-ups with potentially valuable ideas increase their chances of success by the early recruitment of highly skilled staff in R&D, management and sales.
An investment is relation-specific such that the value of equity would drop significantly if the founders were replaced or decided to leave (Caballero 2007) . In addition, the founders and key personnel must make relation-specific human capital investments. The high degree of uncertainty and asset specificity make it both necessary and costly to formulate explicit contracts that give parties the right incentives in all contingencies.
In each phase, there are typical problems that must be addressed. A start-up does not have historical data to provide a basis for calculating the expected risk-return relationship. While mature firms can bear the cash flow risk at a relatively low cost by virtue of dispersed ownership and a lower variance in their cash flow, an entrepreneurial firm typically lacks the necessary capital to fully compensate its employees solely using cash payments.
Contracts must be designed to address adverse selection, moral hazard and high monitoring costs in an environment with high levels of uncertainty and ambiguity regarding future outcomes (Repullo and Suarez 2004 Figure 1 . actors in the value creation from original idea to large-scale production.
Downloaded by [Institutet For Naringlsivs] at 02:47 28 December 2017 agents in Figure 1 . Kaplan and Strömberg (2003) show that contracts separately allocate control rights, such as cash flow rights, board rights, voting rights, and liquidation rights. VC contracts use tools such as contingencies, covenants, milestones, and restricted property, rules such as vesting, to deal with diverse agency problems (Bengtsson 2011) . A compensation contract must meet several requirements. First, it must ensure that the founder or employee receives sufficient compensation to make employment in the entrepreneurial firm attractive. Potential employees must be compensated for the unusually high risk of failure among entrepreneurial firms. Second, the contract must induce effort. Third, the compensation contract must allocate risk optimally across employees and between employees and investors.
A typical investor in an entrepreneurial firm is not willing to bear all such risks and uncertainties unless he or she receives adequate compensation. In practice, high-risk compensation to the investor means that the founder must sell the firm to the investor at a cheap price, which lowers and may even eliminate the incentive to start the firm in the first place (Norbäck, Persson, and Tåg 2013) . Therefore, external investors are dependent on the knowledge and sustained effort of founders and other key employees to develop the start-up and increase the likelihood of success to a level that makes the investment worthwhile. This dependency necessitates offering remuneration schemes that closely mimic direct ownership. Stock options represent an efficient means in this respect.
Stock options are the equivalent of promises of future ownership stakes in the firm, which will be realized if the firm develops according to plan and manages to achieve the prescribed objectives for value creation. The granting of stock options can be substituted for high wages to moderate costs at the beginning of the lifecycle (Gompers and Lerner 2001; Bengtsson and Hand 2013) . Stock options can thus be used to encourage and reward individuals who provide key competencies to a firm. When this becomes possible, capital holders and the investors who act on their behalf (see Figure 1 ) are more inclined to provide equity to the start-up sector.
At first, external equity may be provided by close family and friends, as well as business angels. In the latter case, moral hazard is reduced by screening and closely monitoring the firm's progress. However, a progressively larger share of savings is channeled into pension funds. This trend began more than half a century ago in the United States, and it has now become a defining feature of financial saving in virtually all developed countries. 4 At least a portion of these assets need to be channeled into entrepreneurial firms rather than being invested only in real estate, public firms and high-rated bonds. Since large financial institutions can rarely invest directly in small and new firms, someone must assume a bridging and intermediating role. This need led to the development of the professional VC sector.
The evolution of the use of stock options
The VC sector rapidly expanded in the United States during the 1970s and 1980s. Stock options quickly became an essential ingredient in the contractual toolbox of VC firms. Bengtsson and Hand (2011, 2013) find that three quarters of U.S. VC-backed firms grant stock options to their employees and that equity is a common form of compensation for the CEOs of entrepreneurial firms. CEOs hold an average of 9% of equity, mostly in the form of unexercised stock options. Founder employees receive larger equity compensation but receive less cash pay than employees who are hired later, which indicates that employee stock options are often used by entrepreneurial firms in the start-up phase. Hand (2008) reports that 89% of the employees of VC-backed firms hold stock options.
Another striking commonality of American VC investments is that venture capitalists make their investments through convertible preferred stock. Gilson and Schizer (2003) and Kaplan and Strömberg (2003) find that over 90% of American VC contracts used convertible preferred equity in most financing rounds as the only source of finance, which results in more favorable tax treatment for the stock option gains of employees and secures priority in case of poor employee performance (Gilson and Schizer 2003) .
The United States has the world's oldest and largest VC sector, which accounts for roughly half of the world's VC investments (Lerner and Tåg 2013) ; however, the VC sector has failed to grow commensurately in other countries -notably in Europe, despite its skilled workforce and high level of technology. Moreover, stock options are far less common in the European VC sector (Hege, Palomino, and Schwienbacher 2003) .
The influential study by Kaplan, Martel, and Strömberg (2007) investigated the extent to which the structure of VC contracts outside the United States resembles U.S. ones by comparing the structure of VC contracts across 24 countries between 1992 and 2001. One of the factors studied is taxes, which are estimated for 19 countries depending on the specific rules rather than the common method of using the statutory capital income tax rate. They find only weak and often non-significant effects of option taxes -although unlike our study the outcome variable is the structural mix of VC contracts rather than the amount of VC activity. Investigating the type of contracts used in VC investments that take place answer a different question than our study, since investments that are not made due to high taxes are not observed. The effect of low option taxes through attracting more human capital to the VC sector is also not captured by studies of the contractual mix of deals. Kaplan, Martel, and Strömberg (2007) conclude that VC-financed ventures using US style contracts are associated with a higher probability of survival, but that the low adaption is not mainly driven by policy differences but rather by the lack of experience. The paper argues that the older US VC sector has learned the advantages of state-contingent contracts after Downloaded by [Institutet For Naringlsivs] at 02:47 28 December 2017 experiencing economic downturns, and that VCs in other countries gradually evolve towards American-style contracts through a similar learning process.
There is no lack of studies trying to explain cross-country variations in VC activity, but the literature is fragmented, both in terms of methodology and focus (Terjesen, Hessels, and Li 2016) . A large number of explanatory variables that can be reasonably theoretically supported by different strands of economic research have been related to VC activity. These include institutional variables, such as property protection and legal origin; macroeconomic variables, such as GDP and interest rates; public policy variables, such as tax rates and regulatory burden; technological variables, such as R&D investment and the number of highly cited scientists; financial variables, such as equity market depth; and cultural variables, such as interpersonal trust.
For practical reasons (multicollinearity and few observations), papers tend to include only a few of these variables. The results are sensitive to the combination of the control variables used, and small countries with one or two large VC deals per year present an empirical problem. In addition, most countries lack comprehensive data for privately held firms (Cumming and Johan 2017) . As a result, no consistent pattern emerges from the many cross-country studies to explain differences in VC activity. A more parsimonious and also more promising strategy to identify potential explanatory variables is identifying the crucial factors that enabled the rapid expansion of the US VC sector in the early 1980s.
As we have seen, a thriving VC industry requires sophisticated mechanisms to provide high-powered incentives for both the key actors and final capital holders. The development of mechanisms for this purpose became possible in the US after two key changes were made in the tax system: The capital gains tax was reduced to 20% in 1981, and in approximately 1980, legislation pertaining to stock options allowed tax liability to be deferred until the stocks were sold rather than when the options were exercised. In addition, legislation passed in 1978 allowed pension funds to invest in high-risk securities that were issued by small or new companies and VC funds, which greatly increased the potential supply of capital to the sector (Misher 1984; Fenn, Liang, and Prowse 1995; Henrekson and Rosenberg 2001) .
Within two years, the enormous financial resources channeled to pension funds became available for the start-up sector and the taxation of stock options and similar instruments that can be used to incentivize key actors became more advantageous. In the next section, we examine how and why the taxation of stock options affects their usefulness.
The taxation of stock options
The efficiency of stock options greatly depends on how they are taxed. Generally, stock options may be taxed on three occasions: (i) when they are received, (ii) when they are converted into shares or redeemed as shares, and (iii) when the underlying asset (i.e., the share) is sold.
If profits from stock options are taxed fully or partially as labor income, most of the incentive effect is lost -particularly when the marginal tax rate on labor income is high and when the firm (and/or the employee) is obliged to pay social security contributions on the profit.
An important advantage of stock options is that they allow for additional layers of state-contingent contracting or vesting. Time vesting prescribes that an individual loses all or part of the granted options if he or she leaves the firm. Performance-based vesting prescribes that the granted options are nullified if the firm does not meet one or several Downloaded by [Institutet For Naringlsivs] at 02:47 28 December 2017 performance milestones, which has the benefit of linking an individual's compensation to both the attainment of a milestone and its value implications.
Clearly, any form of taxation of stock options that is due before the acquired shares are actually sold greatly reduces the attractiveness of this instrument for employees. The situation is reversed if the employee is able to defer all taxation until the underlying shares are sold. If obtaining or exercising stock options has no tax consequences and if the employee faces a low capital gains tax, then stock options can be used to create strong incentives for entrepreneurial effort. The key employees who drive the innovation and entrepreneurship processes in the firm can then receive a substantial part of the capital value created, even though they have not financially invested in the firm.
If the founder stays with the firm after the entry of external equity investors, it is normal to want to retain control over the firm until it goes public or is sold to another firm. If the tax code makes using stock options as an instrument impracticable, then external owners cannot simultaneously take control of the firm and retain the founder and other key employees when doing so is beneficial.
According to Gompers and Lerner (1998) , lower capital gains taxes are likely to both increase commitments to VC funds and increase demand for funding from the founders or early employees of start-ups. Since VC is a cooperative activity that includes many parties, low taxes for investors benefit entrepreneurs by increasing the supply of capital, while low taxes on entrepreneurs' incomes benefit VCs by increasing the supply of potential new investments. At the national level, VC activity is influenced by both the favorable tax treatment of employee stock options and carried interest securities used by the VC funds. 5 In short, deferred taxation of capital gains on equity investments and stock options is beneficial and makes it possible for entrepreneurial firms to lower the transaction costs of the remaining support structure. Thus, the entrepreneurial support structure is less likely to succeed if taxes increase the cost of contracting with venture capitalists and key personnel Nielsen 2004a, 2004b) .
Based on the analysis thus far, we infer that favorable stock option taxation is a necessary, albeit insufficient, condition for the development of a large VC sector. Consequently, we hypothesize that differences in stock option taxation can effectively explain the observed cross-country variations in VC activity.
The effective tax rate on stock options in various countries
The statutory tax rate rarely reflects the true rate, since the actual effective rate depends on complex rules. Nor is there a single tax rate; the tax rate can differ substantially between different cases in the same country. To obtain a reasonably consistent and standardized estimate across countries, we constructed a stylized start-up scenario and commissioned the accounting firm PricewaterhouseCoopers (PwC) to compile the tax rate for employee stock options for a sample of countries for the year 2012. We relied on their tax experts in each country to estimate the effective stock option tax rate. It is essential to determine not only tax rates but also whether tax authorities treat employee stock options as investment or employment income. To approximate actual optimizing profit-maximizing behavior, we asked PwC to calculate the best-case tax rate when investors have discretion to lower tax rates by adjusting the structure of the investment within the limits determined by national law. Due to the high cost of calculating the effective tax rate for each individual country, we Downloaded by [Institutet For Naringlsivs] at 02:47 28 December 2017 restricted the original sample to 22 countries. This original sample was used in Henrekson and Sanandaji (forthcoming) .
Here, we expand the sample with an additional 16 countries, thereby including the entire OECD as well as four non-OECD countries from the original sample -namely, China, Taiwan, Hong Kong, and Singapore. The tax rates of the expanded sample of 16 countries are not calculated by PwC but instead estimated by the authors. We relied on the OECD (2005), which estimates effective option tax rates for various scenarios in 2002; we updated the tax rules and tax rates to 2012 levels using the OECD tax database (OECD 2017) and public data from accounting firms. For Chile, Taiwan, Estonia, and Iceland, we relied on information obtained from Ernst and Young (2013) . Calculating effective tax rates is complicated and sensitive to assumptions. In certain cases, the laws in some countries during certain periods (such as Chile in 2012) are ambiguous to the extent that even accounting firms cannot guarantee the correct tax rate, which depends on the judgement of the tax authorities. While we have attempted to be consistent and replicate the method set forth by PwC, the estimates of tax rates in the expanded sample are less reliable.
The effective tax rate is calculated for the following scenario: A firm is started in a home or in an incubator by a founder with negligible initial capital needs. After one year, additional expansion requires an equity infusion that the founder is unable to provide. A VC firm buys the entire firm, simultaneously giving the founder the option to buy back 25% of the firm after seven years. The options are priced as the nominal stock value of the firm that applies at year one, which is negligible. After three years, a CEO is hired. He or she is given the option to purchase 10% of the firm. At this time, the firm is valued at $5 million. After eight years, the firm is purchased for $20 million in a trade sale. Immediately before the sale, the stock options are exercised and the founder and CEO jointly possess 35% or $7 million worth of stock, which they sell to the purchasing firm.
The scenario is designed to calculate stock option taxes consistently and transparently. We make simplified assumptions, such as the VC firm buying the entire firm, to make it easier for the tax experts at PwC to disregard unimportant details in tax and accounting laws for the purpose of calculating tax rates. The goal is to use a stylized example based on assumptions that both capture the key differences in cross-country tax rates and considers the key incentive mechanisms affected by stock option contracts.
For some countries, alternative tax rates apply to this scenario, given that certain additional requirements were fulfilled. When these taxes are applicable, we rely on the best-case tax rate, which real-life firms are likely to take advantage of. Table 1 reports the calculated tax rates as well as the integrated capital tax rate and two measures of the size of the VC sector. The tax rate is reported as a share of total compensation, and payroll taxes are assumed to fall on the recipient of the option.
In some countries, employee stock options are viewed as a form of labor income and are subject to high marginal income taxes as well as payroll taxes. However, other countries view them as a form of equity gain and levy only a low, flat capital gains tax. Labor income is often taxed at a progressive rate, which is highly disadvantageous for capital gains in entrepreneurial firms. Unlike ordinary income, the return on this income is skewed so that most firms do not make any profits, while most of the returns are generated by a small number of firms that generate very high returns for founders and key employees. Losses on failed ventures are seldom deductible, while the small number of successes face the highest marginal income tax rates as well as payroll taxes.
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The tax rates on the options range from 72% in Italy -assuming that, if the gains are taxed as labor income, they are taxed at the highest marginal income rate and subject to payroll taxes -to 7% in Ireland, paid as investment income. The US rate was only 15% in 2012, reflecting the long-term capital gains tax rate. 6 We rely on VC investments from the Thomson One Corporate Finance and Private Equity Database (Thomson Reuters n.d.) for the sample of 38 countries. Table 2 presents the definitions and sources of the variables used, and Table 3 presents the correlation matrix of these variables. Table 4 presents our main regression estimates. While the option tax rate and the integrated capital tax rate are calculated for 2012, the outcome and control variables are the average values from 2010 to 2014. Such averaging addresses the problem that VC investments fluctuate substantially in small countries; certain countries, such as Estonia, Iceland, and Luxemburg, have high VC activity over the long run but can have zero or low levels in a single year or become outliers due to one or two very large deals. The explanatory power increases substantially when averaging over a five-year period, and the results are not sensitive to the exact years chosen. The controls are averaged from 2010 to 2014 to correspond to the study period for VC activity. In the Appendix, we report the results for VC investment and the control variables only for 2012. The option tax rate has a negative and statistically significant association when using only data for 2012, but the results are less robust compared to when the variables are averaged.
Regression results
In specifications 2-6 we add several covariates and standard controls, such as gross domestic product per capita, the share of population with tertiary education, and R&D activity as a share of GDP. Market capitalization of all listed firms as a share of GDP is added to control for financial depth. The index of regulation from the Doing Business series is a cardinal estimate of regulations on start-ups. The World Bank's "distance to frontier" index benchmarks the regulatory environment in each country and estimates the distance to the best performing country, which allows the regulatory burden to be quantified. R&D spending has a strong positive correlation with VC activity. Interestingly, specification (7) shows a strong interaction effect between R&D spending and the option tax rate, indicating that the effect of the option tax is greater in countries with more R&D spending.
Including an interaction variable, as in specification (7), changes the interpretation of taxes and R&D spending, and the coefficient for the option tax must be interpreted with the interaction variable. The coefficient should be interpreted as +0.234 only if R&D investments are zero, and otherwise, it depends on the level of R&D spending as a share of GDP. The sign of the interaction term suggests that option taxes have a stronger negative association with VC activity in countries with higher R&D investments. R&D spending as a share of GDP varies between 0.4% in Chile to 4% in Israel, with a sample mean of approximately 2%. An increase in the option tax rate of 10% points at the sample mean rate of research and development is associated with a decrease in VC activity of 0.02% of GDP. In countries, such as the United States, where R&D spending is higher, for example, 2.7% of GDP, a 10-percentage point increase in option taxes is associated with a 0.03% point decline in VC investments as a share of GDP.
If this association is interpreted causally, it would indicate that favorable tax rates are less important in less innovative economies, whereas VC activity is stimulated when taxes are low and there is a demand for capital from high-tech start-ups. Intuitively, in countries with Table 4 . Cross-country regressions of VC activity as a share of GDp.
notes: Stock option tax rates are for the year 2012, whereas all other variables are the average of 2010-2014. Since VC activity is a small share of GDp, it is expressed as dollars in VC investments per $10.000 units of GDp. each unit thus represents 0.01% of GDp. in median countries in our sample VC investments were around 0.02% of GDp, ranging up to around 0.2% in the united States and israel. taxes are measured in percentage, so that an increase from 20 to 21% represents a one unit increase in the tax rate. in all specifications, a 10% point decrease in tax rates is associated with an increase in VC activity of roughly 0.015% of GDp. note that the coefficient for the option tax in specification (7) must be interpreted together with the interaction variable and r&D. taxes have a stronger association with VC activity in countries with higher r&D investments. an increase in the option tax rate of 10% points at the sample mean rate of r&D of about 2% of GDp is associated with a decrease in VC activity of 0.02% of GDp, less so in countries with less r&D activity and more so in countries with higher r&D activity. robust standard errors in parentheses.
* p < 0.1; ** p < 0.05; *** p < 0.01. very little R&D spending, lowering option taxes may not impact VC activity, since there are few investment opportunities, whereas VC activity may be more sensitive to taxes in countries where many innovations could potentially be developed. There is no statistically significant interaction effect between the VC market and the size of the stock market (not shown). Stock market capitalization as a share of GDP is positively correlated but statistically significant in only some specifications. Note that this variable is sensitive to outliers, notably, small countries experiencing depressed equity markets following the 2008 financial crisis.
Many studies rely on the integrated capital tax -a combination of the statutory corporate tax rate and the top long-term capital gains tax rate adjusted for possible deductions -to empirically estimate the effect of the capital tax burden. This estimation is a priori reasonable, and it may indeed be a reasonable proxy when used in a panel setting over time within the same country. Table 5 shows the same regressions of VC activity, except the integrated capital tax rate is substituted for the option tax rate. Strikingly, the integrated capital tax rate is positively associated with VC activity; the coefficient is weakly statistically significant. Therefore, a higher tax appears to stimulate VC activity. Since we consider the effective option tax to be closer to the actual tax rate that firms are subject to, this result should caution scholars against naïvely using the integrated capital tax rate in cross-sectional comparisons.
Taxes are measured in percentage, so that an increase from 20 to 21% represents a one unit increase in the tax rate. In all specifications, a 10% point increase in tax rates is associated with an increase in VC activity of roughly 0.01% of GDP. Taxes have a stronger association with VC activity in countries with higher R&D investments. An increase in the option tax rate of 10% points at the sample mean rate of R&D of about 2% of GDP is associated with a decrease in VC activity of 0.01% of GDP, less so in countries with less R&D activity and more so in countries with higher R&D activity. Table 5 . Cross-country regressions of VC activity as a share of GDp and the integrated capital tax rate.
notes: Stock option tax rates and all other variables are for the year 2012. Since VC activity is a small share of GDp, it is expressed as dollars in VC investments per $10.000 units of GDp. each unit thus represents 0.01% of GDp. in median countries in our sample VC investments were around 0.02% of GDp, ranging up to around 0.2% in the united States and israel. robust standard errors in parentheses.
* p < 0.1; ** p < 0.05; *** p < 0.01. The regulatory burden on start-ups is not statistically significant for any of the specifications. One explanation may be that the regulatory environment is fairly good for all advanced economies with high GDP per capita and does not vary much across countries. The regulation index positively correlates with VC activity when GDP is not controlled for but is not statistically significant when controlling for GDP and other variables. Another possible explanation is that the World Bank index is designed to measure start-up procedures for small firms and may not capture factors important for VC activity.
Discussion and conclusions
We study the relationship between taxes on employee stock options and VC activity in 38 developed countries. We estimate the effective tax rate based on a standardized case of a typical entrepreneurial start-up using stock option contracts. We find a strongly negative cross-country relationship between the effective tax rate on employee stock options and the rate of VC activity, both directly and when controlling for several complementary explanations. The option tax has a stronger negative effect on VC activity when R&D investments are high.
The importance of VC-financed firms is demonstrated by their disproportionate share of firms with successful exits. The most common form of a successful exit is through an IPO or a trade sale, as illustrated in Figure 2 . For VC-backed firms, acquisitions are twice as or three times more common than IPOs, but since IPOs, on average, are larger, they constitute a greater portion of the aggregate return for entrepreneurs than acquisitions . For both measures, VC-funded firms are overrepresented; they represent the majority of firms that go public and a sizable share of acquisitions, although estimates are more uncertain regarding the latter (Kaplan and Lerner 2010; Masulis and Nahata 2011; Brander and Egan 2012) . This overrepresentation is revealing, since VC firms represent a small percentage of all US firms. Between 1981 and 2005, a mere 0.1% of firms received early-stage VC financing, of which 40% failed, 34% were acquired, and 16% went public. Among non-VC-financed firms, approximately 80% failed, only 1% were acquired, and 0.02% went public (Puri and Zarutskie 2012) .
To thrive, the VC industry requires sophisticated mechanisms that provide high-powered incentives for key actors and the final capital holders. In ideal circumstances, stock options provide incentives that closely mimic direct ownership, but their productivity greatly depends on the tax code. If gains on stock options are taxed as wage income, some of the incentive effect is lost -particularly if the gains are subject to (uncapped) social security contributions and the marginal tax rate on wage income is high. This situation changes dramatically if an employee with stock options can defer the tax liability until the stocks are sold. The effectiveness of these stock options is further reinforced if the employee suffers no tax consequences from the granting or exercise of the option, and if the employee is taxed at a low capital gains rate when the acquired stock is sold.
Observations from the history of the US VC sector indicate that stock options are widely used when they are advantageous from a tax perspective. The contractual design of financial instruments constitutes a good fit with the issues facing the VC-funded entrepreneurial sector. Therefore, the effective tax treatment of option contracts may be a major determinant for the size of the VC-funded entrepreneurial sector. Downloaded by [Institutet For Naringlsivs] at 02:47 28 December 2017
Decreased taxation of gains on employee stock options in the start-up sector is likely to be necessary in many countries, both to lure talented people away from traditional careers in incumbent firms and to channel institutional capital into the entrepreneurial sector, which should be mediated by a professional VC sector. A policy designed to apply only to start-ups receiving VC funding -a small but strategic sector of the economy -would narrowly target the entrepreneurial sector rather than entail broad tax cuts. This type of policy would lower the effective taxation of start-ups that are screened by venture capitalists willing to invest their own funds, without requiring the government to determine which firms are entrepreneurial. In this manner, innovative start-ups could be favored without the need for broad capital gains tax cuts.
It is difficult to ex ante identify innovative start-ups from non-entrepreneurial self-employment, and identifying the firms to target represents one of the greatest challenges in entrepreneurship and small business policy. Innovative start-ups that can be defined as Schumpeterian entrepreneurs are but a tiny percentage of new firms (Shane 2008; Hurst and Pugsley 2011; Henrekson and Sanandaji 2014) . VC-funded firms that apply for funding and are screened represent a large segment of high-potential firms -this self-selection separates VC-funded firms from the majority of less viable firms for tax policy purposes. This occurrence does not imply that all entrepreneurial start-ups apply for VC funding but rather that the segment disproportionately consists of high-potential start-ups. Since many of the low-taxed stock option contracts used by venture capitalists can also be used by business angels and other similar funders, a favorable taxation of stock options is likely to stimulate entrepreneurial finance more broadly.
A tax break that targets human capital in this segment would promote innovative entrepreneurship without the high fiscal cost of broad capital gains tax cuts. Moreover, broadbased capital gains tax cuts do not shift capital from passive investments to private equity, unlike tax breaks on stock options and other instruments used by the VC sector.
Studies on taxes and entrepreneurship tend to focus on capital allocation, while ignoring the effect of taxes on the occupational choices of entrepreneurs (Kanniainen and Panteghini 2013; Henrekson and Sanandaji 2016) . The entrepreneurial start-up sector competes for talent with other sectors of the economy, such as large incumbent firms, academia, and the government, and lower stock option taxation would lure talent into the sector at a low fiscal cost.
As a long-term solution, the best way to ensure the financing of entrepreneurial firms is likely to be the pursuit of policies that encourage private wealth accumulation in forms that do not preclude the assets from being used as equity in entrepreneurial ventures. However, currently, there is a strong tendency to introduce or increase the use of funded pension systems in both the private and public sectors, and there is little reason to believe that this trend will be reversed. Therefore, it is essential to avoid regulations that preclude assets in pension funds from being channeled to the start-up sector.
The empirical limitations in our paper should be stated. Due to the complexity of actually measuring the effective option tax rate, we limit the study to 38 countries and one year, whereas it would be preferable to study the effect of taxation over a longer period. Variations in the tax rate across countries could be driven by unobserved factors or reverse causality. It is possible that countries that have a wide range of policies favorable to entrepreneurship and VC activity also have a low option tax rate, which would lead to an overestimation of the option tax effect. Another possibility is that in countries where the VC industry has grown Downloaded by [Institutet For Naringlsivs] at 02:47 28 December 2017 large for other reasons, there has been more successful lobbying for lower taxes on VC activity. We attempt to control for other potentially important factors and cite supporting evidence, such as case studies and studies on the link between taxes and VC activity over time. In addition to option taxes, we include several standard control variables and apply an alternative tax measure. Most importantly, although the empirical results per se are largely suggestive given our data limitations, they are consistent with the presented theoretical arguments. The combination of these two types of evidence gives credence to our conclusion that the effective taxation of stock options is an important determinant of the extent of VC activity.
Future research on this issue should be based on more extensive data on option tax rates over time, including data on the taxes imposed on partners in VC firms and on the ultimate capital holders. In addition, future studies should include data on regulations governing investments by pension funds and other financial institutions. Future empirical studies on cross-country determinants of VC and entrepreneurial finance are likely to benefit from larger samples of countries and longer data series, which are becoming available as time proceeds and the VC industry expands globally.
Studies on taxes and entrepreneurial activity often focus on broad aggregates and the top or average tax rates, disregarding that the specific rules that affect the activity in question may be of first-order importance. A closely related topic for future research is the tax treatment of the carried interest of managers and partners of VC and private equity firms -a complex topic for which there are considerable cross-country variations in rules and practices (Lee and McFarlane 2016) . Whereas employee stock option taxation increases the demand for VC funding among entrepreneurs, the tax treatment of carried interest on VC fund managers is likely to affect the supply of VC. Stock option tax rates and all other variables are for the year 2012. Since VC activity is a small share of GDp, it is expressed as dollars in VC investments per $10.000 units of GDp. each unit thus represents 0.01% of GDp. in median countries in our sample VC investments were around 0.02% of GDp, ranging up to around 0.2% in the united States and israel. taxes are measured in percentage, so that an increase from 20 to 21% represents a one unit increase in the tax rate. in all specifications, a 10% point increase in tax rates is associated with an increase of VC-activity of roughly 0.01% of GDp. taxes have a stronger association with VC activity in countries with higher r&D investments. an increase in the option tax rate of 10% points at the sample mean rate of r&D of about 2% of GDp is associated with a decrease in VC activity of 0.01% of GDp, less so in countries with less r&D activity and more so in countries with higher r&D activity.
(1)
Option tax Stock option tax rates and all other variables are for the year 2012. Since VC activity is a small share of GDp, it is expressed as dollars in VC investments per $10.000 units of GDp. each unit thus represents 0.01% of GDp. in median countries in our sample VC investments were around 0.02% of GDp, ranging up to around 0.2% in the united States and israel. See also notes to table a1
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